ABSTRACT IRCA 18, IRCA 111, IRCA 130, PB 235, PB 252, PB 260, PB 330, IAC 15, IAC 35, IAC 41 and RO 38
INTRODUCTION
The rubber tree, Hevea brasiliensis (Willd. ex. Adr. Jus.) Muell. Arg., is the principal source of natural rubber, a strategic raw material for major industrial sectors such as the automotive. Currently natural rubber production is concentrated on Southeast Asia and Brazil participates in the world market as an importer. The modest production of natural rubber in Brazil (about 1% of total world production and 30% of national consumption) is concentrated in the State of São Paulo, which accounts for more than 60% of the total amount produced in the country 15, 16 . Agroclimatological zoning for rubber cultivation demonstrates the enormous potential in non-traditional Brazilian States, such as São Paulo, Pernambuco, Minas Gerais, Goiás, Mato Grosso, Mato Grosso do Sul, Maranhão, Espírito Santo, Rio de Janeiro and Paraná. In some specific regions of these States the seasonal variation of temperature and/or humidity prevents the South American Leaf Blight (SALB) caused by the fungus Microcyclus ulei P. Henn. This disease severely limits the rubber production and these regions are being considered SALB free areas (escape areas) 13 . According to Vasquez Cortez 22 , the availability of SALB free areas suitable for growing rubber trees in Brazil is greater than the total area cultivated worldwide with the species. One of the most important characters in the selection of Hevea cultivars is the latex yield. However, the expression of the potential yield of the cultivar is influenced by several intrinsic factors, such as: vigor, bark thickness, resistance to wind and diseases, as well as management practices regarding tapping systems, chemical stimulation, planting density and plant nutrition 12 . Soil and climatic conditions as water, temperature and rainfall deficits affect the components of growth and production, contributing significantly with a great variability in the behavior of the different cultivars and explain in large part the variations in performance of clones. Plant varieties that are considered productive in certain areas may behave differently in other areas of the same or other regions 8, 18 . In order to ensure technical, social and economic competitiveness for the productive chain of natural rubber in different ecological areas, the introduction and evaluation of new cultivars is of paramount importance 9, 16 . The Northwest region of Paraná State comprises an area of 3.2 million ha with humid subtropical climate and soils with low clay content. The region provides favorable conditions for the cultivation of rubber trees, but currently have only about 1000 hectares with rubber trees and few alternative options of productive clones adapted to the region 4, 15 . The purpose of this work was to evaluate some productive clones successfully grown in other producing regions and to select the better combination of clone and tapping system with the objective of expanding the options of suitable clones for planting by farmers in Northwestern Paraná and increased rubber cultivation competitiveness at Paraná State.
MATERIAL AND METHODS
The experiment was installed in May 1998 at the Guanabara Farm in the municipality of Paranapoema, northwestern region of Paraná State (22° 43 ' S and 57° 07 ' W at 400 m above sea level). The climate is Cfa according to Köppen classification: subtropical, with no dry season and temperature of the hottest month above 22ºC with annual rainfall is around 1500 mm 11 .
The soil, classified as Argissolo Vermelho Amarelo, is sandy (85% and 15% clay), acid (pH in CaCl2 around 4.0), with average carbon content between 0.5% and 1.0% and flat topography. The experimental design was laid out in a factorial split-plot arrangement based on a randomized complete block design with three replications. The plots were composed of 18 plants and. the spacing was of 8.0 m x 2.5 m (500 plants per hectare). Twelve clones were tested in the plots, eight of them currently used in commercial plantations in major natural rubber producing countries: RRIM 600 (control), IRCA The trees were prepared for tapping at the eighth year after planting and the collection of experimental data started four years later. The production of latex was obtained by weighing the latex naturally coagulated in the cups in the sub-plots every month. For each subplot a sample of the coagulated rubber was dried in oven at 45°C until constant weight to determine the humidity content and calculate the dry rubber production per tree per tapping. The annual dry rubber production per hectare was estimated considering 78 cuts per tree per year in the systems with d/4 tapping frequency and 52 cuts per tree per year in the d/7 systems and a stand of 450 trees per hectare 6 . Statistical analysis of the data was performed using the Sisvar software 7 . The data were tested for normality and homogeneity of variances. The averages were grouped by Scott-Knott test for comparisons of treatments 2 .
RESULTS AND DISCUSSION
The analysis of variance of annual dry rubber production per hectare indicated highly significant differences between treatments in plots and subplots, i.e., there were differences between clones and between systems of tapping by the F-test with 1% probability. There was no effect of blocks and the interaction plot x subplot was not significant by the F-test with 5% of probability (table 2). However, the comparisons among main plot treatments within subplot treatments as well as among subplot within main plot treatments revealed significant (α=5%) and highly significant (α=1%) simple effects. Therefore, we decided, as suggested by Perecin and Cargnelutti Filho 14 , to apply a less rigorous level of significance for interpretation of the interaction "by experiment" and maintain the usual p=0.05 level for effect "by comparisons" in order to visualize important information from the interactions. ns Not significant. ** Significant at 1% probability.
The overall productivity average was 1333 kgha -1 yr
, value within the range expected for the culture in the early years of exploitation and the range of the coefficients of variation in the experiment were high and medium for the plot and subplot respectively 17 . For the factor clone, the RO 38 had the lowest productivity, indicating poor adaptability to the soil and climate conditions of the Northwest of Paraná, possibly because of greater water requirement. The clones PB 330 and PB 252 attained significantly lower productivities as compared to control (RRIM 600). The other clones were not different from the control, but nonetheless the IAC 41 and IAC 35 clones achieved, respectively, productivities 24% and 19% above the control ( The analysis of variance of the clones within each tapping system showed highly significant differences for all tapping systems (table 5) . n.s. Not significant. * Significant at 5% probability. ** Significant at 1% probability.
Less intensive tapping systems such as ½ S d/7 are usually indicated for optimized labor management, as they allow the worker to tap more trees per working day and are suggested in situations when labor is a limiting factor or have high cost, besides offering the advantage of and increased productive life of the rubber plantation. The results of this experiment suggest that for less intensive tapping systems the clones that responded positively to stimulation with ethefon should be preferred, as the traditional RRIM 600 or PB 235 and IAC 41, given that these clones obtained significant lower yields in d/7 without stimulation. Silva et al. 20, 21 obtained greater productivity and profitability with the clone RRIM 600 in São Paulo upland conditions applying the tapping system ½ S d/3 ET 2.5% and reported that the system ½ Sd/7 ET 2.5% produced about 28% less. However, the productivity of this clone in the Northwest of Paraná was 10% higher in the system ½ S d/7 ET 2.5% as compared to the ½ S d/4 ET 2.5% and 40% more compared to the ½ S d/4 without stimulation ( Table 7 ), so that the utilization of tapping system ½ S d/7 ET 2.5% can offer advantage in the conditions of Paraná State, with respect to production and optimization of manpower. Even in the conditions of São Paulo plateau Silva et al. 19 recorded that the system ½ S d/2 provided the greatest productivity of clone PB 235 and commented that this clone usually exhibit weak response to stimulation, but affirm that in the system ½ S d/7 ET 2.5% yield was superior to the ½ S d/4 ET 2.5% and recommend the system ½ S d /7 ET 2.5% due to absence of tapping panel dryness ( (table 7) , both recommended by Alem et al. 1 for small-scale plantations in the São Paulo Northwest plateau. Silva et al. 19 observed high incidence of TPD disorder in PB 260 clone in ½ S system d/3 ET 2.5% and suggest, to avoid this problem, the system ½ S d/5 ET 2.5% or ½ S d/7 ET 5%. In the present study the PB 260 showed no difference among the tapping systems studied. Corredato et al. 5 in a study in the Northwest of Paraná with clones PB 235, IAN 873, GT 1 and RRIM 600 subjected to tapping systems ½ S d/3, ½ S d/4 and ½ S d/5, all stimulated with 3% ethefon, reported that tapping frequency influenced the productivity of RRIM 600 and that PB 235 had its production reduced under ½ S d/4. These results agree with those obtained in this experiment for RRIM 600 that showed no difference between the tapping frequencies d/4 and d/7 when stimulated, but do not confirm the results obtained with the PB 235, whose production was not influenced by tapping frequency in systems with stimulation (½ S d/4 ET 2.5% and ½ S d/7 ET 2.5%) ( Table 7) . Most of the clones showed no differences in productivity in relation to tapping system. The Scott-Knott test pointed out differences in the performance of four clones due to tapping system. The productivity of the IRCA 130 clone was favored by the ½ S d/4 without stimulation, the IAC 41 and PB 235 were less productive in the system ½ S d/7 without stimulation and the RRIM 600 responded favorably to stimulation with ethefon under d/4 and d/7 (table 7) . The results indicate that, with the exception of RRIM 600, most of the clones tested showed no effects on production, from stimulation. However, stimulation can be recommended for the clones IAC 41, IRCA 111 and PB 235 when subjected to low tapping frequency (d/7).
CONCLUSIONS
The results lead to the following conclusions, applicable to the 
